Profile analysis of mycolic acid ester patterns of Mycobacterium tuberculosis, Mycobacterium bovis, and Mycobacterium bovis bacillus Calmette-Guerin (BCG) using high-performance liquid chromatography indi-cated that separation of BCG from M. tuberculosis and M. bovis by elution and relative retention times is possible. Mycolic acid patterns of BCG eluted from the column 0.5 min before M. tuberculosis or M. bovis, resulting in relative retention times for two peaks not seen in the pattern of M. tuberculosis or M. bovis. Identification was confirmed by phage typing, which has been the standard procedure for confirmation of BCG strains. These results showed that high-performance liquid chromatographic analysis of mycolic acid esters can be used in the mycobacterial reference laboratory for separation of BCG from M. tuberculosis and M. bovis.
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The Mycobacterium tuberculosis complex contains subspecies such as Mycobacterium bovis bacillus CalmetteGuierin (BCG) that are difficult to differentiate by conventional biochemical methods. DNA restriction fragment analysis has shown that BCG strains are most closely related to virulent strains of the M. tuberculosis complex (5) . BCG is used in the treatment of tumors in cancer patients and is the preferred treatment for superficial stages of bladder cancer (7) . It is therefore important to distinguish it reliably from virulent strains of the M. tuberculosis complex (1, 6, 9, 12) . Until recently, the standard procedure for identifying BCG at the Centers for Disease Control (CDC) was phage typing, which required at least 3 weeks for completion. Since phage typing is no longer performed routinely at CDC, an alternative and rapid method of identifying BCG using high-performance liquid chromatography (HPLC) of mycolic acid esters was investigated (4 Tests. Mycobacteria were grown on Lowenstein-Jensen medium (Carr-Scarborough Microbiologicals, Atlanta, Ga.) at 37°C for 14 to 21 days or until sufficient growth for derivatization was obtained. Growth scraped from slants was saponified in 2 ml of 25% potassium hydroxide in 50% ethanol and extracted with 2 ml of chloroform. The mycolic acids were derivatized to bromophenacyl esters by the procedure first described by Durst et al. (8) and modified by Butler et al. (2) .
Chromatograms were produced using System Gold chromatography software (version 3.1) (Beckman Instruments, Inc., San Ramon, Calif.). HPLC detection of mycolic acid esters was performed using a Milton Roy UV monitor with 254-nm fixed wavelength (Milton Roy Co., Riviera Beach, Fla. The peaks for BCG eluted from the column 0.5 min before those for M. tuberculosis and M. bovis. The reproducibility of the relative retention times for major peaks was calculated for each species tested ( Table 1 ). The major peaks for BCG were designated b, c, d, e, and f (Fig. 1A) . The major peaks for M. tuberculosis and M. bovis were designated d, e, f, and g ( Fig. 1B and C) .
Chromatograms of BCG produced distinct patterns that had at least two major peaks, b and c, not in common with M. tuberculosis or M. bovis ( Fig. 2A and B) . BCG patterns had one to three shoulder peaks between peaks d and e, which varied from strain to strain (Fig. 1A) . The Russian strain of BCG (TMC 1022) produced an HPLC pattern that was different in appearance from those of the other BCG strains (Fig. 1D) . However, the elution and relative retention times for BCG (TMC 1022) were consistent with BCG data.
Chromatograms of M. tuberculosis and M. bovis produced patterns that were similar in appearance with no differences in elution or relative retention times (Fig. 1B and C and 2C) 
